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[57] ABSTRACT 
The product and process of making an in-vivo body 
implant pharmaceutical carrier of a resorbable ceramic 
crystalline structure of interconnecting pores capable of 
the critical controlled time release of pharmaceutical 
preparations such as proteins, polypeptides, hormones, 
and other small molecular weight active materials. The 
ceramic is comprised of aluminum oxide (A12 03), cal 
cium oxide (CaO), and phosphorous pentoxide (P205) 
in a controlled weight percent mixture. In the process of 

\ making, the mixture is calcined. The calcined mixture is 
_ again ground and sieved through screens of two differ 
ent mesh sizes to obtain desired sizes and mixed with a 
binder. This mixture is compressed and sintered at a 
predetermined temperature. The particle sizes of the 
sieved calcined compound and the sintering tempera 
tures are interrelated to provide a ceramic of a desired 
pore size for the controlled release of the pharmaceuti 
cal. 

8 Claims, No Drawings 
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POROUS CERAMIC CARRIERS’ FOR 
CONTROLLED RELEASE OF PROTEINS, 
POLYPEPTIDE HORMONES, AND OTHER 

SUBSTANCES WITHIN HUMAN AND/ OR OTHER 
MAMILLIAN SPECIES AND METHOD 

This application is a continuation-in-part of our co 
pending application Ser. No. 718,957, now abandoned, 
?led Aug. 30, 1976 for, “Porous Ceramic Carrier for 
Controlled Release of Pharmaceutical.” 

BACKGROUND 

The literature is replete with descriptions of long 
acting preparations of steroid hormones. Increased du 
ration of activity has generally been achieved by chemi 
cal alteration of the parent molecule which, when in 
jected intramuscularly, will form a depot. The injection 
provides biological effects spanning several weeks. Sim 
ilar effects can be achieved by injecting aqueous micro 
crystalline suspensions of steroid hormones. More re 
cent attempts have included steroids mixed with choles 
terol or lipids and various steroidpermeable membranes. 
An early attempt to obtain a longer acting steroid 

implant comprised mixing ‘of stilbestrol, deoxycortico 
sterone acetate, testosterone propionate, progesterone, 
estrone or estradiol benzoate with cholesterol to pro 
vide 1O, 25, 50, and 100% compositions. Each hormone 
and each composition was adsorbed differently. The 
addition of cholesterol, in general retarded adsorption 
in relation to pellets of pure hormone. However, others 
have reported an anti-fertility effect in mice with pellets 
containing 10 or 20% of l9-norprogesterone and 80% 
cholesterol. 

Besides the prolonged action of these steroid prepara 
tions, the early studies indicated that except for proges 
terone these implants were well tolerated by the pa 
tients. The most important ?ndings gained from the 
studies of these steroids was that a pellet of steroid will 
provide a pharmacological effect at a lower dose than 
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was obtained by injecting an oil solution. The effect of . 
a pellet may last several months. _ 

It appears that two primary delivery systems are 
preferred by the prior art: steroid-lipid implants and 
polymer implants. The main difference in these two 
delivery systems is that permeation of steroids through 
polymer implants should be predictable. The geometry 
and total surface area exposed to body ?uids remains 
constant, while with the steroid-lipid implant (other 
steroid pellets also), ‘during the process of dissolution 
pattern becomes essentially level. 
A number of methods of obtaining prolonged releases 

are already known. The drug may be enclosed in a 
capsule which will dissolve in the body after a certain 
amount of time. In microencapsulation, the drug is en 
closed in a large number of very small membrane cap 
sules. Others include tablets coated with lacquers to 
achieve delayed release; the drug suspended in water, 
oil, or buffer solution; the drug etheri?ed or esteri?ed to 
put it in a form in which it is dif?cult to reabsorb. 

Absorption of the drug in carrier materials which can 
swell, such as gelatin, cellulose, or certain plastics also 
delays release. Drugs bonded by absorption to large 
surfaces, release slowly due to the low speed of resorp 
tion, such as with adsorbate innoculate or vaccine, a 
result of a mixture with aluminum hydroxide. If a pow 
dered drug is compressed together with powdered plas 
tics, a porous tablet will form in which the plastic mate 
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rial will partly cover the surface of the powdered drug 
and will delay its release. - 

CROSS-REFERENCE 
Reference is made to the publication “The In?uence 

of Compositional Variations on Bone Ingrowth of Im 
planted Porous Calcium Aluminate Ceramics” au 
thored by George A. Graves (one of the inventors 
herein) F. R. Noyes, and G. R. Villanueva, J. Biomed. 
-Mater. Res. Symposium, No. 6. pp. 17-22 (1975) The 
article is directed to a ceramic oxide composition as 
synthetic bone implants comprised of CaO, A1203, and 
P205. The process of making the controlled porous 
ceramic is not disclosed. 
As can be appreciated a pharmaceutical release im 

plant is many magnitudes more critical in structure than 
a bone implant. With a bone implant there would not be 
a real consequential effect if the implant were not 100% 
resorbable, whether ?bers formed or other incidental 
matters. In a drug release, however, if the drug release 
is too slow or too fast for that speci?c drug the effects 
may be deleterious. 

Accordingly, the aforementioned article is at best a 
discussion of several incomplete studies without proper 
conclusions. 

It has now been found that the release of the pharma 
ceutical in the in-vivo body is directly related to the 
resorption of the ceramic; and which resorption is dig 
rectly related to the pore size of the ceramic containing 
the drug. 

SUMMARY OF INVENTION 
The invention is for a porous resorbable ceramic 

carrier capable of controlling the critical release of 
pharmaceuticals such as proteins, polypeptides, hor 
mones, and other large molecular weight materials 
within the physiological environment, that is, the living 
body. The drug-containing ceramic is intended to be 
implanted subcutaneously or intermuscularly in the 
body. 1 

The resorbable carrier is composed of a ceramic ma 
terial with interconnecting pores fabricated into a hol 
low-cylinder for encapsulation of the pharmaceutical. 
The initial ceramic composition and fabrication parame 
ters particularly the particle sizes temperature and the 
sintering determine the crystallographic phases and 
?nal pore size of the ceramic which controls the rate of 
drug release and ceramic resorption in-vivo. That is the 
rate of delivery and lifetime of the ceramic carrier is 
determined by its microstructure'and composition. In 
turn, the crystallographic structure and pore size can be 
controlled in its process of making to be adapted to the 
intrinsic properties of a specific drug and the require 
ment of the body. 
The carrier drug composition comprised the group of 

oxides: aluminum oxide (Al2Q3), calcium oxide (CaO), 
and phosphorus pentoxide (P205), with minor additions 
of magnesium oxide (M80), zinc oxide (ZnO), silicon 
dioxide (SiOg), zirconium dioxide (ZrOg), and titanium 
dioxide (TiOg). The heavier metal oxides are to be ex 
cluded. The total impurity content is to be less than 1 
weight percent. 
The three primary components in a 100 weight per 

cent mixture are calcined at a temperature and time for 
an improved crystallographic structure. The calcined 
mixture is again ground into powder and sieved through 
screens of two different mesh sizes to yield a distribu 
tion of particle sizes in a range between said two mesh 
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sizes. The powder is mixed with a binder and is com 
pressed and sintered at a predetermined temperature 
interrelated to the two particle sizes to provide a ce 
ramic of a desired pore size and ‘crystallographic struc 
ture. Speci?c particle sizes with speci?c temperatures 
have been determined for a controlled pore size. 

OBJECTS 

It is a principal object of the present invention to 
provide a new and improved implant in-.vivo pharma 
ceutical, wherein the pharmaceutical is encapsulated in 
a carrier that is resorbable in a controlled manner and 
completely acceptable to the body without toxic effects. 

It is a further object of the present invention topro 
vide a new and different process forthe making of an 
in-vivo implant resorbable over a controlled time per 
iod. - - 

DETAILED DESCRIPTION OF INVENTION 

The drug implant composition of the present inven 
tion is a ceramic composed of at least two identi?able 
crystallographic phases. The ceramic material is com 
pressed into hollow cylinders or other shapes such as a 
pharmaceutical carrier. The carrier comprises a micro 
structure that allows for the release of the pharmaceuti 
cals such as hormones, proteins, and other chemical 
substances. The released material flows or diffuses from 
the hollow center through the pore structure of the 
ceramic carrier to the exteriorsurface and into the 
physiological ?uids of the body. The rate of release of 
the drug, chemical, etc., is therefore, partially depen 
dent on the microstructure of the ceramic carrier. The 
ceramic microstructure in turn is varied by the chemical 
composition processing parameters such as particle size 
of dry powder, and temperature cycle during sintering, 
as well as other ceramic engineering'techniques. 
The ceramics’ main crystallographic phase is com 

posed of oxides of the group: aluminum oxide (A1203), 
calcium oxide (CaO), and phosphorous pentoxide 
(P205) with minor additions of magnesium oxide 
(MgO), zinc oxide (ZnO), and dioxides'of the'groups: 
silicon dioxide (SiOg), zirconium dioxide (ZrOg), and 
titanium dioxide (TiOZ), with impurities less than 1 
percent by weight. ‘ - 

The heavy metal oxides are to be excluded. The 
heavy metals such as lead, cobalt, chromium and iron 
oxide were found unsuitable since they are known to 
disassociate and accumulate in the skeletal structure and 
cause untoward effects after a period of time. 

In an early process the steps utilized in making the 
resorbable crystalline ceramic were based on a 100% 
mixture of (CaO) and (A1203). That is 42 weight per 
cent of (CaO) and 58 weight percent of (A1203). After 
preparation there was added a l0-25 weight percent of 
phosphorous pentoxide (P205). 
A much improved process in the making of the re 

sorbable crystalline ceramic has now been found to 
comprise a 100% mixture of (CaO), (A1203), and 
(P205). More specifically one mixture comprised of 50 
weight percent of (A1203), 37.7 weight percent of 
(CaO), and 12.3% of (P205). 
The powdered material was compressed under pres 

sure and then calcined. The calcining temperature was 
2400° F. for a period of 12 hours. 
The calcined composition was again powdered by 

grinding and controlled in size by passing the mixture 
through mesh screens. For the mixture calcined at 2400° 
F. the powder was —250 mesh and +325 mesh. 
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The mixture was formed into a green shape by mixing 

the same with polyvinyl alcohol and compressing the 
mixture in a die. The pressure applied was 20,000 psi. 
The green shaped composition is then sintered at a 

predetermined temperature and time. Speci?cally it has 
been found that the pore size of the ensuing product is 
directly related to the aforementioned particle sizes and 
the temperature of the sintering. It has been found that 
the —325 and +400 mesh particle sizes would be sin 
tered at 2300" F., the —250 and +325 mesh particle 
sizes would be sintered at 2400” F ., whereas the —200 
and +250 mesh particle sizes would be sintered at 2600” 
F. These particle sizes/sintering temperatures yielded 
the desired pore sizes for a particular drug delivery. 
As aforesaid the composition comprised a 100% mix 

ture of (A1203), (CaO), and (P205) whereas in our ear 
lier studies the (P205) was later added. The 100% mix 
ture was found to provide a more homogeneous mixture 
and resulted in a better crystallographic phases. In this 
way there would be no concentrated areas of (P205); 
thereby providing a more uniform resorbtion. 

Again, although not particularly signi?cant in drug 
delivery, the 100% mixture rsulted in a ceramic having 
a higher mechanical strength. 
The calcining procedure was changed also from our 

earlier ?ndings. The higher heat at a shorter time period 
was found to give a different crystallographic structure 
from that previously obtained. 
The sintering rate and temperature as well as other 

ceramic processing factors can be varied to vary the 
resorption rate of the composition. The resorption rate 
is directly related to the pore size and composition of 
the ceramic. Accordingly, varying the resorption rate 
does vary the pore size and composition. The correct 
microstructure must be determined for the ceramic for 
each drug used. 
As mentioned above speci?c pore sizes for particular 

resorption rates has been found and reproduced with 
‘speci?c particle sizes and sintering temperatures. 

Again screening the mixture in a controlled size 
screen, rather than a broad range of sizes, yields parti 
cles having a more ?nite size. Accordingly, varying of 
the size in altering the pore size of the end product is 
more ?nitely controlled. Signi?cantly, this in turn tends 
to eliminate defects in the ceramics. 
The continuous delivery of a drug at a controlled 

rate, for long periods of time is accomplished without 
the need for percutaneous leads. The drug-containing 
ceramic is implanted subcutaneously in the body with 
minor surgery. The success of the implant is dependent 
upon the ability of the ceramic to resorb within the 
body due to its chemical composition and microstruc 
ture. The composition, processing parameters, and ?nal 
ceramic microstructure are considered for each drug 
and the physiological system receiving the drug. 
The resorption of the implant ceramic allows for the 

implanting of a pharmaceutical delivery system that can 
last for an identifiable length of time before dissolving 
(resorbing) in-vivo and therefore does not have to be 
removed. This eliminates the need for medication re 
quiring daily injections attendant with its physical 
trauma to the physiological system that is accumulative, 
and the psychological problems. Additionally, the re 
sorbable implant eliminates the side effects that com 
monly accompany transcutaneous injections on a daily 
(or more frequent) basis. 
An immediate clinical medical application for the 

implant resorbable ceramic is in the delivery of a contin 
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uous dosage of insulin to diabetics. In practice, the 
above described crystalline ceramic, tubular in form 
and having insulin in the cavity therein, was implanted 
in an animal, pancreatomised by streptozocin and al 
loxan treatment. The blood sugar levels were tested 
continuously and were maintained at the pre-streptozo 
cin-alloxan treatment levels for a period of at least one 
month. The ability to supply insulin for periods of six to 
twelve months with one implant is now within the state 
of the art. Other expected uses of the implant ceramic is 
in the continuous delivery, at constant rate, of polypep 
tide hormones, proteins, and other large molecular 
weight substances that are required on a continuous 
basis. 
The resorption is accomplished by the body ?uids 

seeping into the pores and dissolving the material to 
release the insulin. Functionally, upon resorption of the 
implant ceramic the pore size of the implant increases 
thereby gradually increasing the release of the pharma 
ceutical. As the pharmaceutical supply decreases the 
pore size increases thereby maintaining a steady ?ow of 
pharmaceutical into the body. 
Although only a speci?c and certain embodiment of 

the invention has been shown and described, it must be 
appreciated that modi?cations may be had thereto with 
out departing from the true spirit and scope of the in 
vention. 
We claim: . 

1. The process of forming an in-vivo implant which is 
a porous, resorbable ceramic material having intercon 
nected pores and suitable for the prolonged release of a 
pharmaceutical comprising: _ 
powdering and mixing together oxides comprising by 

weight about 38% CaO, 50% A1203 and 12% 
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6 
P205, and with impurities less than 1%, and com 
pressing said mixture, - 

calcining said mixture at approximately 2400° F. for 
12 hours to yield a crystallographic structured 
ceramic of at least two phases, 

powdering said calcined mixture and sieving the same 
through screens of two different mesh sizes to ob 
tain particles ranging from a size that passes 
through 200 mesh (~200) and is retained on 400 
mesh (+400), 

mixing with a binder and thereafter compressing said 
powdered mixture at a pressure of about 20,000 psi, 
and then, 

sintering said mixture for a time and temperature 
related to the average particle size. 

2. The process of claim 1 wherein the oxides include 
minor additions of MgO, ZnO, SiOg, ZrOg, and Tl02. 

3. The process of claim 1 wherein said sieving was 
with 250 and 300 mesh screens and said sintering tem 
perature was 2400° F., to yield a crystallographic struc 
tured ceramic having a given pore size. 

4. The process of claim 1 wherein said sieving was 
with 200 and 250 mesh screens and said sintering tem 
perature was 2600” F., to yield a crystallographic struc 
tured ceramic having a given pore size. 

5. The process of claim 1 wherein said sieving was 
with 325 and 400 mesh screens and said sintering tem 
perature was 2300" F., to yield a crystallographic struc 
tured ceramic having a given pore size. 

6. The product of the process of claim 3. 
7. The product of the process of claim 4. 
8. The product of the process of claim 5. 
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